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© Cross-linkable coating composition. 



5jf© A cross-linkable coating composition comprising 
"a fluorine-containing eiastomeric copolymer which 
tO comprises (a) 50 to 95 % by mole of repeating units 

derived from a fluoroolefin of the formula: 
°*CF 2 = CXY (I) 

^wherein X and Y are the same or different and a 
^fluorine atom or a chlorine atom, (b) 50 to 5 % by 

mole of repeating units derived from a perfluorovinyl 
O ether of the formula: 

Rr[OCFZCF 2 (CF 2 )m]„-OCF = CF 2 (II) 
UJ wherein R f is a Ci-C 6 perfluoroalkyl group, Z is a 

fluorine atom or a trifluoromethyl group, n is an 

integer of 0 to 5 and m is 0 or 1 provided that when 



m is 1 (one), X is not a trifluoromethyl group and a 
cross-linking agent for the copolymer, the copolymer 
and the cross liking agent being dissolved or dis- 
persed in a fiuorosolvent is provided. 



Xerox Copy Centre 



1 



EP 0 307 956 A2 



2 



CROSS-LINKABLE COATING COMPOSITION 



BACKGROUND OF THE INVENTION 



Field of the Invention 

The present invention relates to a cross-lin- 
kable coating composition comprising a fluorine- 
containing elastomeric copolymer. 

Description of the Related Art 

A copolymer of a fluoroolefin of the formula: 
CF 2 =CXY (I) 

wherein X and Y are the same or different and a 
fluorine atom of a chlorine atom and a perfluoro- 
(alkyl vinyl ether provides a wide variety of materi- 
als from a resinous one to an elastomeric one. The 
copolymer of this kind can be molded to form 
mechanical parts such as O-rings, flange seals, 
gasket stocks, pump diaphragms and liners and is 
particularly useful when special resistances against 
heat and/or corrosive liquids are required. 

Although the elastomeric copolymer has ex- 
cellent liquid resistance, it is very expensive so that 
it is not economical to produce a whole article from 
the elastomeric copolymer. If the elastomeric 
copolymer were formulated in the form of a coating 
composition and applied on a surface of an article, 
it would find more and more application fields. 
How ver f there are known few solvents in which 
the fluorine-containing elastomeric copolymers can 
be dissolved or dispersed. 



SUMMARY OF THE INVENTION 

An object of the present invention is to provide 
a cross-linkable coating composition comprising a 
fluorine-containing elastomeric copolymer. 

This and other objects of the present invention 
are achieved by a cross-linkable coating composi- 
tion comprising a fluorine-containing elastomeric 
copolymer which comprises (a) 50 to 95 % by 
mole of repeating units derived from a fluoroolefin 
of the formula: 
CF 2 =CXY (I) 

wherein X and Y are the same or different and a 

fluorine atom or a chlorine atom, (b) 50 to 5 % by 

mole of repeating units derived from a per- 

fluorovinyl ether of the formula: 

R P [OC F2CF 2 (CF 2 Uln-OCF = CF 2 (II) 

wherein R f is a Ci-C 6 perfluoroalkyl group. 2 is a 

fluorine atom or a trifluoromethyl group, n is an 



integer of 0 to 5 and m is 0 or 1 provided that 
when m is 1 (one). X is not a trifluoromethyl group 
and a cross-linking agent for the copolymer, the 
copolymer and the cross liking agent being dis- 
s solved or dispersed in a fluorosolvent. 

The fluorine-containing elastomeric copolymer 
to be used according to the present invention may 
comprise, in addition to the repeating units (a) and 
(b), (c) 0.1 to 5 % by mole, based on the total 
io amounts of the repeating units (a) and (b) t of re- 
peating units derived from a cross-linking site pro- 
viding monomer of the formula: 
ICH2CF 2 CF 2 -(OCH2CF2CF2)p-(OCFZCF 2 ) q - 
OCF = CF 2 (II) 
75 wherein Z is the same as defined above, and p and 
q are each an integer of 0 to 2. 

The copolymer to be used according to the 
present invention may further comprises at least 
one of other ethylenically unsaturated fluorine-con- 
20 taining monomers. Examples of such other mon- 
omers are trifluoroethylene, vinylidene fluoride, vi- 
nyl fluoride, chlorotrifluoroethylene, hex- 
afluoropropyiene, pentafluoropropylene, hex- 
afluoroisobutene. perfluorocyclobutene, perfluoro- 
25 (methylcyclopropylene), perfluoroallene. a.£,£- 
trifiuorostyrene, perfluorostyrene, perfluoro(alkyl vi- 
nyl ethers) (e.g. perfluoro(methyl vinyl ether) and 
perfluoro(propyl vinyl ether)), polyfiuoroacrylic acid, 
polyfluorovinyl acetic acid, polyfluorovinyl ether 
30 sulfonic acid, polyfluorodienes and the like. When 
the other ethylenically unsaturated fluorine-contain- 
ing monomer is contained in the copolymer, its 
amount is from 0.1 to 20 % by mole based on the 
total amount of the repeating units (a) and (b) and 
35 the optional repeating units (c). 

Although some of the fluorine-containing 
elastomeric copolymers to be used according to 
the present invention are known, others are novel. 
Most of the copolymers are disclosed in, for exam- 
40 pie, Japanese Patent Kokai Publication No. 
12734/1987 and Copending U.S. Patent Application 
Ser. No. 185.916 filed on August 25, 1988 or Eu- 
ropean Patent Application No. 88 106 587.4 filed 
on April 25, 1988. 
45 The polymerization method of the copolymer is 

described in the above publication or applications 
in detail and repeated hereinbelow: 

The polymerization can be carried out by bulk, 
suspension or solution polymerization and also by 
50 emulsion polymerization which is carried out by 
using a water or oil soluble peroxide in the pres- 
ence of a perfluoroemulsifier. Examples of the sol- 
vent to be used in the solution polymerization are 
highly fluorinated solvents such as dich- 
lorodifluoromethane, trichlorofluoromethane, 
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chlorodifluoromethane, 1 ,1 ,2-trichloro-1 ,2,2- 

trifluoroethane, 1 ,2-dichloro-1 .1 ,2,2- 

tetrafluoroethane. 1 ,1 ,2.2-tetrachloro-1 ,2- 

difluoroethan , perfluorocyclobutane and per- 
fluorodimethylcyclobutane. 

A molecular weight of the copolymer can be 
adjusted by the addition of a chain transfer agent, 
although it may be adjusted by controlling a rela- 
tionship between a polymerization rate and an 
amount of a polymerization initiator. Specific exam- 
ples of the chain transfer agent are hydrocarbons 
having 4 to 6 carbon atoms, alcohols, ethers, or- 
ganic halides (e.g. CCU. CBrCI 3 , CF 2 BrCFBrCF 3 
and CF2I2). When a fluorocarbon iodide such as 
CF2I2, l(CF 2 )l or CF2=CFCF 2 CF 2 I is used as the 
chain transfer agent, since the iodine atom bonded 
to the chain terminal is still active, the copolymer 
can be cross linked with a peroxide as a radical 
source in the presence of a polyfunctional unsatu- 
rated compound such as triallylisocyanurate and 
triallylcyanurate. 

The polymerization temperature depends on a 
decomposition temperature of the polymerization 
initiator and ts preferably from 0 to 100* C. The 
polymerization pressure is generally from 0 to 50 
kg/cm 2 G. 

As the fluorosolvents, fluorine-containing organ- 
ic solvents can be used. Among them, perfluorosol- 
vents are preferred. Examples of the perfluorosol- 
vents are perfiuorotert-amines (e.g. perfluorotri-n- 
butylamine and perfluorotriethylamine), perfluoro- 
(substituted tetrahydrofuran), perfluorobenzene and 
the like. 

As the cross-linking agent, any of the conven- 
tionally used ones which are used for cross-linking 
fluoro-rubbers can be used. Among them, organic 
peroxides are preferred. An amount of the organic 
peroxide is from 0.05 to 10 parts by weight, prefer- 
ably from 1 .0 to 5 parts by weight per 1 00 parts by 
weight of the copolymer. 

The organic peroxide is generally a peroxide 
which generates a peroxy radical by heating or in 
the presence of a redox system. Examples of such 
peroxide are 1,1 -bis(tert.-butylperoxy)-3,5,5- 
trimethylcyclohexane, 2,5-dimethylhexane-2,5- 
dihydroperoxide, di-tsrt.-butylperoxide, tert.-butyl- 
cumylperoxide, dicumylperoxide. a,a'-bis(tert.-but- 
ylperoxy)-p-diisopropylbenzene, 2,5-dimethyl-2 T 5- 
di(tert-butylperoxy)hexane. 2.5-dimethyl-2,5-di- 
(tert.-butylperoxy)hexyne-3, benzoylperoxide, tert- 
butylperoxybenzene, 2,5-dimethyl-2,5-di- 
(benzoylperoxy)hexane, tert-butyl peroxymaleate, 
tert-butylperoxyisopropy! carbonate and the like. 
Among them, the dialkyl type peroxides are pre- 
ferred. The kind and amount of the peroxide de- 
pend on an amount of active -O-O- groups, its 
decomposition temperature and so on. 

When the organic peroxide is us d for cross 



linking of the copolymer, co-use of a cross linking 
aid or co-cross linking agent will promote the cur- 
ing of the copolymer. Any of the cross linking aid 
or co-cross linking agent which has a reaction 
5 activity with both the peroxy radical and the poly- 
mer radical can be used. Preferred examples of the 
cross linking aid or co-cross linking agent are trial- 
lyl cyanurate, triallyi isocyanurate, triacryl formal, 
triallyl trimellitate, N,N'-m-phenylenebismaleimide, 
70 dipropargyl terephthalate, diallyf phthalate, tetraallyl 
terephthalate, triallyl phosphate and the like. The 
amount of the cross linking aid or co-cross linking 
agent is from 0.1 to 10 parts by weight, preferably 
from 0.5 to 5 parts by weight based on 100 parts 
75 by weight of the copolymer. 

To prevent phase separation between the the 
fluorine-containing elastomeric copolymer and the 
cross-linking agent, particularly the organic perox- 
ide, an adsorptive filler is preferably added to the 
20 coating composition. Examples of such filler are * 
carbon black, Si0 2 and clay. 

Since the fluorosolvent is expensive, it is not 
economical to use this solvent to dilute the coating 
compo sition to a suitable concentration of the 
25 copolymer. It is preferable to use a halogenated 
hydrocarbon solvent as a diluent. In the haloge- 
nated hydrocarbon solvent alone, the fluorine-con- 
taining elastomeric copolymer cannot be dissolved 
or dispersed. But, once the fluorine-containing 
30 elastomeric copolymer is dissolved or dispersed in 
the fluorosolvent, the coating composition can be 
diluted with the halogenated hydrocarbon solvent. 

The coating composition of the present inven- 
tion may contain any conventional additive such as 
35 a pigment for coloring the coating, a filler and a 
reinforcing material. Specific examples of the gen- 
erally used filler and/or reinforcing material are 
inorganic materials such as carbon black, Ti0 2 . 
Si0 2 . clay and talc and organic materials such as 
40 fluoropolymers (e.g. polytetrafluoroethylene, poly- 
vinylidene fluoride, polyvinyl fluoride, polych- 
lorotrifluoroethylene, tetrafluoroethylene/ethylene 
copolymer, tetrafluoroethylene/vinylidene fluoride 
copolymer, etc.). 
45 The coating composition of the present inven- 

tion may be easily prepared by adding the fluorine- 
containing elastcmeric copolymer in the fluorosol- 
vent and mixing them. 

A concentration of the copolymer is from 5 to 
50 70 % by weight, preferably from 10 to 40 % by 
weight based on the total weight of the composi- 
tion. 

The coating composition of the present inven- 
tion can be applied on a substrate by any of 
55 conventional application methods such as dip coat- 
ing, flow coating, spray coating, brush coating and 
the like. After the application of the composition, 
the solvent is evaporated, and the fluorine-contain- 
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ing elastorneric copolymer is cross-linked. 

The cross-linking temperature and time de- 
pends on the kinds of the cross-linking agent. Gen- 
erally, it is cross-linked by oven cured at a tem- 
perature of 150 to 250" C for 1 to 24 hours. 

PREFERRED EMBODIMENTS OF THE INVEN- 
TION 

The present invention will be illustrated by fol- 
lowing Examples. 

Example 1 

Daiel (a trade name) GA-50 (a perfluororubber 
cross-linking composition containing a peroxide, a 
cross-linking aid, carbon black and the like manu- 
factured by Daikin Industries, Ltd.) (20 g) and tri-n- 
perfiuorobutylamine (80 g) were charged in a glass 
containing and shaken by a tumbling mixer for one 
day to dissolve the copolymer in the solvent. 

The resulting solution was applied on an alu- 
minum plate which had been degreased with trich- 
lorotrifluoroethane and dried, and then vulcanized 
in a steam vulcanizer at 150* C for 60 minutes. 

The formed film had acetone repellency. 



Example 2 

To 100 parts by weight of the solution pre- 
pared in Example 1, 100 parts by weight of trich- 
lorotrifiuoroethane was added to dilute the solution. 
Then, the diluted solution was spray coated on an 
aluminum plate which had been degreased with 
trichlorotrifluoroethane. It had good spryability. 



Example 3 

In the same manner as in Example 1 or 2 but 
using perfluorobenzene in place of tri-n-per- 
fluorobutylamine, a coating composition was pre- 
pared. The resulting composition had substantially 
the same properties as that prepared in Example 1 
or 2. 



Claims 

1. A cross-linkable coating composition com- 
prising a fluorine-containing elastorneric copolymer 
which comprises (a) 50 to 95 % by mole of repeat- 
ing units derived from a fluoroolefin of the formula: 
CF 2 =CXY (I) 

wherein X and Y are the same or different and a 



fluorin atom or a chlorin atom, (b) 50 to 5 % by 
mole of repeating units derived from a per- 
fluorovinyl ether of the formula: 
R r [OCFZCF 2 (CF 2 Un-OCF = CF 2 (U) 

5 wherein Rf is a Ci-Cs perfluoroalkyl group, Z is a 
fluorine atom or a trifiuoromethyl group, n is an 
integer of 0 to 5 and m is 0 or 1 provided that 
when m is 1 <one). X is not a trifiuoromethyl group 
and a cross-linking agent for the copolymer, the 

70 copolymer and the cross liking agent being dis- 
solved or dispersed in a fluorosolvent. 

2. The cross-linkable coating composition ac- 
cording to claim 1, wherein the copolymer further 
comprises (c) 0.1 to 5 % by mole, based on the 

75 total amounts of the repeating units (a) and (b), of 
repeating units derived from a cross-linking site 
providing monomer of the formula: 
ICH2CF 2 CF2-(OCH 2 CF 2 CF2) p -{OCFZCF 2 ) q - 
OCF = CF 2 (II) 

20 wherein Z is the same as defined above, and p and 
q are each an integer of 0 to 2. 

3. The cross-linkable coating composition ac- 
cording to claim 1 , wherein the cross linking agent 
is an organic peroxide. 

25 4. The cross-linkable coating composition ac- 

cording to claim 1 , which further comprises at least 
one adsorptive filler selected from the group con- 
sisting of carbon black, Si0 2 and clay. 

5. The cross-linkable coating composition ac- 
30 cording to claim 1 , which further comprises a halo- 

genated hydrocarbon solvent as a diluent. 

6. The cross-linkable coating composition ac- 
cording to claim 1, wherein the fluorosolvent is a 
perfluorosolvent 

35 7. The cross-linkable coating composition ac- 

cording to claim 6. wherein the perfluorosolvent is 
a perfluoro-tert.-amine. 

8. The cross-linking coating composition ac- 
cording to claim 1. wherein the copolymer further 

40 comprises 0.1 to 20 % by mole of repeating units 
derived from at least one other ethylenicalty un- 
saturated fluorine-containing monomer based on 
the total mole of the repeating units (a) and (b). 

9. The cross-linking coating composition ac- 
45 cording to claim 2. wherein the copolymer further 

comprises 0.1 to 20 % by mole of repeating units 
derived from at least one other ethylenically un- 
saturated fluorine-containing monomer based on 
the total mole of the repeating units (a), (b) and (c). 

so 
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© A cross-linkable coating composition comprising 
a fluorine-containing eiastomeric copolymer which 
comprises (a) 50 to 95 % by mole of repeating units 
derived from a fluoroolefin of the formula: 
CF 2 =CXY (I) 

wherein X and Y are the same or different and a 
fluorine atom or a chlorine atom, (b) 50 to 5 % by 
mole of repeating units derived from a perfluorovinyl 
ether of the formula: 
Rr[OCFZCF 2 (CF 2 ) m ]„-OCF = CF 2 (II) 
wherein R, is a Ci-Cs perfluoroalkyl group, Z is a 
fluorine atom or a trifluoromethyl group, n is an 
integer of 0 to 5 and m is 0 or 1 provided that when 
m is 1 (one), X ts not a trifluoromethyl group and a 



cross-linking agent for the copolymer, the copolymer 
and the cross liking agent being dissolved or dis- 
persed in a fluorosolvent is provided. 
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